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PDN Theory Introduction EAR SPREADTRUM 


Power Delivery Network provides power for proper operation of the processor. The frequency of the processor is 
up to IGHz or even higher, the core quantity from single core to quad cores makes the PDN more and more 
critical. Generally the PDN includes VRM (Voltage Regulation Model), decoupling capacitors, power plane (or 
trace) and GND plane. 


The purpose of PDN design is to minimize the impedance over the all frequency range. 


The target impedance can be defined as V; 
V ra Ripple (max) 


504 X Imax 


V : the maximum allowed voltage variation for processor 


ripple(max) 


L4; : the maximum current 


Capacitor Frequency Characteristics EA SPREADTRUM 


A non-ideal capacitor can be modeled by combinations of capacitance, inductance and resistance. The right figure 


is the equivalent circuit. Mh C 
1 
So there is a series resonance frequency: f= — 
2z LC 
; : Se a EST 
and the impedance is minimum at the resonance frequency point. 
ESR 


In order to decrease the impedance within a frequency band, one solution is to use multi different value capacitors. 


Frequency Response of a typical capacitor Frequency Response of multi capacitors combination 
SSH C = lalo - 
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PDN Impedance Distribution GE SPREADTRUM 


PCB design, decoupling capacitors, chip package and chip design will dominate the PDN impedance in different 


frequency range : 

DC-300KHz: The PDN impedance is dominated by PCB and VRM 

300K-10MHz: The PDN impedance is dominated by PCB and decoupling capacitors 
10M-100MHz: The PDN impedance is dominated by decoupling capacitors and chip package 
100M-1GHz: The PDN impedance is dominated by chip package and chip design 


1G~: The PDN impedance is dominated by chip design only 


Z 


0 300KHz 10MHz 100MHz 1GHz 10GHz 


PDN Critical Path K^ BSPREADTRUM 


The following figure is the PDN model considering the parasitic parameters. The Cbuck is the DC-DC 


bypass capacitor, Cde'is the decoupling capacitor. 


Louck 


PDN : LI path + L2 path 

. L1 is the PDN's key path. PDN high frequency impedance is determined by the decoupling capacitors and 
loop effective inductance. So the decoupling capacitors must be located as close to processor power pins as 
possible. It is strongly recommended that the decoupling capacitors are placed to the back-side of the power 


pins. The loop effective inductance is proportion to the loop area. 


Best Better Bad 
4 L2 and the DC impedance of L,,,,, dominate the PDN DC impedance. 


Stack-Up W3 SPREADTRUM 


The adjacent layer to power plane or traces must be a complete GND plane, that can reduce the effective 


inductance of PDN. The recommended stack-up is : 


e 6L-HDI1: e 8L-HDIl: 
“si +6+ 
Lyr Image Foil Generic Name Information ... 8L-1=0.8mm(1+6+1) T=0.8mm(1+6+1 
L1 P 033oz Foil Toz Base Copper:0.330z+plating Hi layar di PPMS HELP? FRR 
1080 PP: 78.5+/-20%um (UM) 
L2 0.330z Foil Toz Base Copper:0.330z+plating 
1080 PP: 82.1 +/-20%um 
Hi ^E BAL SR APAR eee TO" ME T taser pp iossr | 60um(2.37mi) | 
1080 PP::82.1+/-20%um uw | | | | | | rriosomR |  92um(361mi) | 
L5 0.330z FoilToz Base Copper:0.330z+plating 
1080 PP: 78.54/-2096um | | gos Mo | | JJ|rmceeoimm | 0.1mm | 
LE 0.330z Foil Toz Base Copper:0.330z+plating 


B i HR JE: 0.80 -/- 0. 10mm(SM-SM) 


| LO | lLaserPP1068R | — 60um(2.37mil) | 


Board Thickness= 0.8+1-0.10mm 


Note: If need to modify the thickness, prefer to keep the distance between the power plane and GND plane, the 


core thickness can be adjusted. 


Target Impedance/Inductance (1) EAR SPREADTRUM 


T19,T17,T16, T15,T14.L21,L20,L1 
9,K21,K20,K19,J15,J14,G14,F15,F 
14, T8, T7,R7,R6,P7,P6,P5,N6,L7, Y 
9,W11,W10,W9,V22,V12, VII, VIO 
„U21,U19,U13,U12,U8,U7 


V21,V20,V19,V17,U17,U15,U14 VDDMEM 


VDDCORE | Maximum Current 720 


SC7731E 


LPDDR3 


VDDCORE DC-DC Design 


LX_CORE trace must be as short as 
possible: 


(8303 
INDQUPA | 
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W3 SPREADTRUM' 


The inductor and one 22uF capacitor must 
be placed as close as possible: 


VDDCORE DC-DC Design EA SPREADTRUM 


Suggested number of buried and blind vias 
when change routing layer: 


VDDCORE 


Y 
Cap0603: 

Í GND/Power Pin blind vias:>=3 
Cap0402: 

A GND/Power Pin blind vias:>=2 
Cap0201: 


GND/Power Pin blind vias:>=1 


VDDCORE Trace Width [A SPREADTRUM 


The DC resistance of the trace is calculate by the formula: nap 
p is the copper electrical resistivity; L is trace length; W is trace width; H is trace copper thickness. 
According to the formula , the DC resistance is inversely proportional to the width. The VDDCORE trace width 


must not be less than 2.3 mm. 
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VDDCORE 

Copper pour on L1: 

Trace width >= 1.5 mm(Copper thickness: 
~0.03mm); 

Copper pour on L4: 

Trace width >= 1.7 mm(Copper thickness: 
~0.016mm); 


VDDCORE Decoupling Capacitors 


58 ma 
(5 


8c:8 


Fe 
z 


iE es 
628 bis am E a 


H 
qi 
Qa 


3 a 


= 


R2 500 


$e 


pe Të gn 
B CB gi 
as UB 


VDDCORE 


GR SPREADTRUM 


>The BB backside decoupling capacitors should be all placed 
on the bottom below the baseband Chip directly(recommend); 
The Topside cap should be placed on topside. 

» Each capacitor terminal must be connected to main GND 
plane using vias directly, don't share the vias. The power vias 
should be close to GND vias to reduce the loop inductance. 


» Recommended decoupling capacitors group: 


Na Number of different capacitors 
| : PMU- 
on 


— ri o5 050 505 
cap 
VDDCORE 
Topside 
cap 


VDDCORE Via Design Rule EZB SPREADTRUM 


>The VDDCORE power pins are connected to decoupling 


te 0 € 


capacitors through vias. The via number plays a very 


ee 


important role in power impedance at 100MHz. 
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+ GND vias should be placed close to power vias. 
> The via counts suggestion: 
VDDCORE: More than 11 buried vias and 23 blind 


vias. 
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VDDMEM Power Design EZB SPREADTRUM 


1. Ll is the critical path, so the LI trace must be as short as possible 

2. L2trace width must be not less than 4mm, plane is preferred. 

3. Cmem is key decoupling capacitor and must get close to the power pins of SC7731E, the suggested capacitors 
combination as follow: 

BB VDDMEM> 

Reserve for bottom side placement: 1*0402 4.7uf(NC)+1*0201 luf(NC)+1*0201 0.1uf (NC) 

Reserve for top side placement: 1*0402 4.7uf+1*0201 luf+1*0201 0.1uf 

MEM, VDDMEM> 
1*0603. 10uf-1*0402 4.7uf+2*0201 1uf-2*0201 0.1uf 


VDDMEM Power Design EZB SPREADTRUM 


1. Power plane for VDDMEM is mandatory, the plane must cover all LPDDR3 signals and SC7731E’s pins. 

2. The power plane must have a integrated reference ground plane and the distance between them is as near as 
possible. 

3. Power vias and GND vias must be rectangular distribution, the best proportion is 1:1, the GND vias must be 


close to power vias in order to reduce loop inductance. 


> BBside-VDDMEM vias: 


More than 3 buried vias. 


» GND vias: 


Close to power vias. 


VDDMEM vias 


VDDMEM Power Design GE SPREADTRUM 


VDDMEM DCDC Design: 
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VDDMEM Power Design EZB SPREADTRUM 


> Cum Should be placed closed to chips, right below pins on bottom is preferred. 


Capacitors for 
BB VDDMEM on 
Top Layer 
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Capacitors for 
BB VDDMEM on 
Bottom Layer 
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Capacitors for 
MEM_VDDMEM 


between buried holes and blind holes is 1:2 


Power Trace di Power Trace 


GND Plane GND Plane 


Good Bad 


VBAT_DRV Power Design C#3 SPREADTRUM' 


Impedance at 10M Hz =0.04 Q 


Group1: D11,D12,D13 
VBAT DRVA = 
SC2720A ( a ) VBAT DRV Impedance at 0.1 MHz-0.035 O 
Group2: G11,H12,H13 3 
(VBAT. DRVB) 


VBAT_DRV Power Design KA SPREADTRUM 


1. There should be a 10uF and a 22uF capacitors close to PMU for VBAT DRV; 
2. VBAT DRV pins distribute two Group in SC2720A ball map, Group! should be connected to a 22uF 
capacitor directly, Group2 should be connected to a 1OuF capacitor directly; The trace width can't be less 


than (routing on L1). The impedance performance of each part should satisfied with target impedance. 


3. Don't connect the VBAT DRV pins to others VBAT pins. 


2j 


Crop BAZ 


eeoo 
e > Each capacitor’s GND pad must be connected 
to main ground plane through blind vias directly. 


VBAT_DRV and DC/DC Power Design EZB SPREADTRUM 


All DC/DC converter input capacitors GND PINs; 
All DC/DC converter output capacitors GND PINs; 
All PMU VSS DRV PINs. 


> 1. All DC/DC Input Cap GND PINs. 
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VBAT_DRV and DC/DC Power Design Kg SPREAD 


> isolate all DC/DC input / Output capacitors ground pins with the dedicated vias directly to main ground 


plane as follow picture(taking 6HDI1 PCB for example) : 
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Analog IP Power Design C#3 SPREADTRUM' 


The loop inductance of some important power should be small, so the capacitors of these power should be placed 


near the power pins, and the spec as follows: 


Target 
Power Net Bali No. 
DCR(mOhm) L(nH)@100MHz 
AVDD1V8_RF(10403) E9 
AVDD1V8 MIPI(10399) R23 
AVDD1V8 BB(10492) T13 
AVDD18 CLK(10400) F1 
AVDD1V8 USB(10402) W3 «200 «25 
VEMMCIO(VDD!1 V85) Y7 
VIO1V8(VDD1V85) A15,G25,M8,T23,U3 
VIO NAND(VDD1V85 W6 
VSDO(VDDSDIO) H27 
AVDD3V3 PA(VDDWIFIPA) A21 


PDN Analysis KA SPREADTRUM 


Example: 
> The red line is target impedance and blue line is the 
» current impedance as shown in the figure; 


> The simulation curve should below the target impedance at connected frequency; 
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MHz Na MHz . 
blue line is the current impedance blue line is the current impedance 
red line istarget impedance red line is target impedance 
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THANK YOU! 


